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United States Patent Office i oron

2,786,133
DIVERSITY RECEIVING SYSTEM

Edwin Dyke, Brookfield, ill., assignor to Motorola, Inc,,
Chicago, 1L, a corporation of Iiiusis

Application March 5, 1953, Serial No. 348,573
12 Claims. (Ci. 250—20)

This invention relates generally to diversity receiving
systems and more particularly to automatic phase shift
controlling means for diversity receiving systems. The
phase shift contrelling apparatus disclosed may be used
in the diversity receiving system disclosed in application
of Edwin Dyke and Henry Magnuski, Serial No. 340,572
filed March 5, 1953, entitled “Radio System,” which ap-
plication is assigned to the same assignee as the mstant
application.

It is well known that in radio transmission, waves trans-
mitted from one station to anocther may be transmitted
over a plurality of paths and the various waves may by
the transmission be so shifted in phase with respect to
each other that the waves at the receiving means may
cancel each other to produce what is normally called fad-
ing of the signal. The various paths over which the sig-
nals are transmitted may be of various different types.,

As an example, for microwave use, line of site is re-
quired so that there is always one direct path, There may
be other paths caused by reflection of the waves from the
land, water, or man-made structures. There may also
be bending of the paths by the atmosphere so that paths
which are not actually reflected will be. bent to have dif-
ferent lengths from each other which may produce can-
cellation at the receiving antenna to thereby cause fading.
It will be obvious that such conditions vary with time
because of the changing atmospheric conditions and, al-
though some predictions may be made, it is not possible
to accurately determine what these changes will be. . .

To compensate for fading due to multipath propaga-
tion, it has been proposed to space receivers and provide

a:system for using one or the other of a plurality of re-.
ceivers which produces the best signal at a given moment.:
It has also been proposed to combine the outputs of:a:

plurality of receivers.- However,  such systems -require.
complete duplication of equipment and have not been

found to provide satisfactory results under all conditions..

- It is an object of the present invention to provide an

improved automatic diversity receiving system -wherein
the received signals are combined at radio frequency
level.

A further object of this invention is to provide a-di-
versity receiving system in which signals from spaced
antennas are combined through adjustable phase shifting
means coupled to one antenna, with the phase shifting
means being controlled automatically in accordance W1th
the level of the combined received 51gnal

Another object of this invention is to provide an im-
proved wave guide phase shifter control system which re-
sponds to a control signal and provides the reqmred phase
shift rapidly with a minimum of hunting,.

A feature of this invention is the provision of a dlversuy
receiving system in which signals from two spaced
antennas are combined, having automatic phase- shift

means controlled by the strength of the signal received for

changing the phase of the waves from one antenna.
Another feature of this invention is the provision of a

microwave receiving system wherein two-spaced antennas
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are connected to a receiver and/or transmittet through
waveguides, with one waveguide having phase shift means
therein and means to automatically adjust the position of
the phase shift means in accordance with the strength of
the received signal.

A further feature of this invention is the provision of
an automatic phase shift control unit including a reversible
motor for moving a phase controlling member and a
control element for starting operation of the motor when
the ‘signal level falls below a first point and a second
control element for reversing the direction of the motor
when the signal level falls further. Limit switch means
may be provided for further controlling the motor so that
the phase controlling member moves. back and forth: be-
tween desired limits.

Further objects, features and the attendmg advantages
of the invention will be apparent from a consideration of
the following description when taken in connection with
the accompanying drawings, in which:

Fig. 1 illustrates schematically the diversity receiving
system in accordance with the invention;

Flg 2 illustrates an embodiment of the diversity re-
ceiving system having automatic phase shift control ap-
plied to the waves from the local oscillator;

Figs. 3 to 5 illustrate the physical construction of the

. phase shift means for use in the system of Fig 1;
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Fig. 6 illustrates the constructlon of a cavity for isolat-
ing the phase shifter;

Fig. 7 is a block diagram of the system of Fig. 1 show-
ing the automatic control; and

Fig. 8 is the detailed diagram of the control circuit of
this system.

In practicing the invention there is provided a diversity
receiving system for combining waves transmitted over
slightly different paths in such a manner that the combined

. signal is maximum. This may be accomplished by the
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use of two separate antennas which are coupled together
by waveguides with automatic phase shift means in the
waveguide from one antenna for shifting the waves re-
ceived by this antenna. - The adjustment of the phase
shift means is accomplished automatically by -a control
circuit which adjusts the position of a phase shifter in a
waveguide in accordance with the level of received waves
so-that a phase shift is provided to compensate for the
phase shifts introduced as by changing atmospheric con-
ditions.. In a second embodiment spaced antennas may
apply signals to separate mixers-with a single local oscil:
lator being provided for the two mixers and the path from
the.local .oscillator to one mixer including the automatic
phase.shift means for thereby shifting the phase of the
output of the mixer so that the outputs from the two mixers
when combined provide 2 maximum signal.

. Referring. now to the drawings, in Fig. 1:there is illus-
trated a diversity receiving system in which signals from
two antennas are combined and the phase of one is auto-
matically shifted to provide a strong signal. Two separate
antennas 21 and 22 are provided which include reflectors
23 and 24 respectively for directing waves thereto and
therefrom. The output from antenna 21 is applied through
a phase shifter 25 and a filter 26 and then combined with
the output of the antenna 22, with the combined output
being applied to the receiver 27. The phase shifter 25
may be adjustable so that the wave from the antenna 21
will be controlled to have the proper phase to combine
with the wave from the antenna 22 so that the output of

- the receiver 27 is maximum. This control may be accom-

70

plished automatically through a control 28 operating from
the output of the receiver and controlling the position of
the phase shifter 25. The filter 26 is necessary only when
the unit 27 includes both a receiver and .a transmitter.
The filter 26 may be a tuned-cavity resonator which-
passes the received frequencies, and which presents a high
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lmpedance to «the transmitted frequencies. ~Therefore
transmission takes place only through the antenna 22, and
receptlon takes place from both antennas 21 and 22.

In Fig. 2 there is shown .a second embodiment of the
invention wherein waves from two antennas 48-and:41 are
app 'e;i 1o ;separate, mixers. 42 and 43 respectlvcly A
local osc111ator 44-is. connected Adirectly to.mixer; 43:and
the output amphﬁed in:intermediate -frequency .amplifier
45 and combined in the intermediate frequency -amplifier
46. - ‘The. oscillations from:local oscillator. 44 .are .applied
throughsphase sshifter 47:to the. mixer:42,.with the output
of the mixer:being. applied.to.the-intermediate frequency
amphﬁer 48 .and .then _combined :in .the :interme-
-ﬁrequency iamphﬁer 46. A control 49 operated: by
ignal strength .in the :igtermediate: frequency .ampli-
ﬁer 6 may.adjustthe phase shifter47.so that the signals in
-paths have the proper.phase relationship:to.com-
in;the; mterme.dlate frequéncy. amphﬁer,46 to.provide
a maximum total signal. The control :49:is «therefore
generally similar.to: the.control-28. of:Fig..1.

sReference. i Is,now. made,to Figs.-3-8!inclusive -which il-
Iustrate, more:in detail. the. construction.of -a.system-as:il-
lustrated generally in-Fig..1. As.shown:in:Fig.:3,:the-two
antennas 21.andi22.are spaced. conveniently.with respect
to each other and.may :include .reflectors mounted -on
towers, not.shown. [The.antennas:include horns. 59:and
51~for teansmitting:and receiving.microwave-signals. with
the signals being:first formed into :beams-by- lll&parabollc
reflectors:52 :and :53. and. then. directed :by 45° reflectors
posmoned on. masts.as:illustrated.in Fxg 1.
is..connected..through .the::Tjunction ‘or other: branchmg
junction 54 to a wave guide 55 which makes ‘connegtion
to:the receiver.and/or. transmitter. ‘The horn 50 is:con-
nected through a wave guide-56-to- the phase shxfter 25,
which.is:in.turn connected. through wave. guide 57 to the

T-junction 54. The fiiter 26 of Fig. 1 may be included
in;the-T-junction-54.  ‘As.will.be -apparent the parabolic
reflectors 52 .and 53 are mounted on adJustable supports
58.50.that the beam .can be directed precisely in-the. direc-
tion desired.” -

:Figs. -3, 4 .and -5 illustrate more particularly the -con-
struction .of:. the phase shlfter 25. ‘The phase shifter in-
cludes.a. wave.guide. sectlon 60 in-which there is posmoned
a-dielectric member 61. -The dielectric member 61 is sup-
ported- by .rods .62 .and -63 “which are connected to a
carriage.64. ~The rods 62 and -63 slide in guide cylmders
67. The carriage 64 has a drive pin 65 ¢xtending at the
top thereof .which passes through the guides 66. ~The
drive pin 65:is dnvcn by a crank arm 68 connected to the
drive -wheel :69. SThe drive ‘wheel 69 ‘is conpected to a
dn.vms motor 70 as shown in-Fig.-5. Itis therefore seen
that upon.rotation of-the motor ‘the d,elcctuc member 61
will:be.moved . cychcally -across the wave nmde ‘60 and
by stoppmg the dielectric membe1 in Varlous posfaéns
in .the wave gulde, -the phase shift of ‘waves passing
through the wave guide 68 may-be controlfed. °

-For: controlhng the movemernt of the dielectric member
four Imcrosw1tches 74, 72,93 and 74 are. prov1ded wh1011
cooperate -with ‘relative and absolute control circuits
which will be descnbed more in detail. The sw1tches
71 .and 73 are limit sw1tches havmg the operatmg mem-
bers thereof engaged by screws 5 threaded in the
carriage 64. ‘The. sw1tches T2 and 74 are engaoed by the
ends of .the . camage 64 -when ‘the carriage approaches
the .central sposmon in the. wave guide.

“In:Fig..6 there s .illustrated the constructlon of «the
cavxty filter 26 which -is .provided in the  wave -guide -T
-54." “Fhe filter :is Allustrated as a triple cavity mcludmg

the sections:76,:77 :and .78 each of ‘which ‘has a tunmg'

screw 79 .therein for . prov1dmg prec1sc .control of ‘the
frequency charactensncs ‘thereof. It is obkus that a

cavity .including smore  or less than 3 .sections miay be-

suitdble for usé in .some instances.
dn ‘Fig. ‘7 there is .shown -the block dxaoram of the

antenna and control system of Fl" 1. The antennas 21

“Fhe-horn:51
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4
and 22, phase: shifter 25, cavity filter-26, receiver 27 -and

_control equipment 28 are as shown in Fig. 1. The control

equipment is shown more in detail in Fig. 7, and includes
the power indicator 8¢ which applies signals to a rela-
tive power monitor 81 and to a nabsclute power monitor
83. The relative power monitor 81 is alternating current
coupled through condenser 82, and controls relay means
84 which is effective to.energize the motor 70 through
either contact.85. or contact.86. .Energization through
contact 85 provides clockwise rotation of the motor and
energization through contact:86 provides counterclock-
wise rotation. The amount of rotation. of the motor is
controlled through the absolute power monitor 83 by
operation of the relay 87.

One specific circuit-which may.be.used to provide the
control is illustrated in Fig. 8. This circuit includes the
four microswitches 71, 72, 73, and 74 and the motor 70
as shown in Figs. 4 and 5.  Control is provided by volt-

‘ages:from.the microwave.receiver, the voltage :from the

grid of .the -6th -IF stage -being .applied -at terminal 90
and the voltage from the .grid of the first: limiter -stage
being .applied .at terminal:91. -These voltages are. used
becausé ;the .combined .voliage is:linear with .respect to
power. .For .very weak .signals .the :first “limiter grid
voltage .varies -linearly with the input power, .and for
stronger .signals :the - limiter stage .is - saturated .and the
sixth or last IF stage provides a grid voltage .which .is
linear with-respect to-input. power. -Therefore, by com-

- bining :the two .voltages a control .voltage :is - provided
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which :is -substantially linear with output power over a
very :wide.range.

“The :voltages. from . terminals .90 and .81 are.combined
by-resistor. 92.and.applied .across condenser 93 -to the- grid
of :the :amplifier -tube :94. The triode 94 is:D.. C. cou-
pled:to the. triode 95. of the.absolute control circuit which
operates. relay .96 connected to the.plate.thereof. :When
the.received power :level. drops, the grid.of triode:94 be-
comes:less negative providing a decrease.in voltage-at.the

.grid of triode-95. This will tend to cut. off.the triode 4-to

releage sthe relay:96.to energize .the motor 70. The level
at.which the relay 96 will operate will depend upon-the
setting .of .the variable .resistor 97 in the cathode circuit
of the tube.95. ‘Whenthe level at the receiver increases,
the.grid of .triode 94 will become more negative to-in-
crease the.voltage at.the.grid. of triode: 95 so-that this. tri-
ode .will energize relay 96 and.cut off the motor. ‘The
output .of the amplifier 94 is also applied to the relay
power.control circuit which includes the triodes 160 .and
101, .relay -102 .and -stepping: switch 103. “The amplifier
94:is.coupled to the.triode 100 through the time constant
circuit:including:.condenser 103 -and resistor 104, - As the
received .signal .drops, ‘the grid of .triode 100 becomes
more:.negativeand\its-platez-becomes more positive. This
positive .pulse:is coupled to :the-triode 101 which is nor-

5 mally.cut.off-and causes.the triode to conduct to energize
the relay :102. Relay 102, when energlzed connects -the

condenser 105 to :the .stepping relay 103 to apply.a volt-
age pulse:thereto to cause.it to move one position. -The
condenser 105 charges from --B when the relay 102 is
released. ‘It will be noted that the stepping.relay 103 in-
cludes:levels 106 :and 167.having the -alternate .terminals
thereof . connected -together. Accordingly, on alternate
operations.of -the stepping .switch, closed circuits-are.pro-
vided :through the levels -206.and 107 respectively. This
operation is used ‘to provide a reversal of the .direction
of the:motor 79 each time the.relative relay c1rcu1t is ac-
tuated.

“The .sensitivity .of .the -relative control circuit .is con-
trolled by the variable resistor 188 .which applies.poten-
tial .to-the plate .of the ;triode 380. This control is set so
that sthe relative —re]ay will be- operated when :the signal
level -at- the receiver drops ‘below the level at-which the
absolute -control circuit s operated. ‘The time constant
circuit ‘103, 104 delays the action of the relative control
circuit so that this circuit will not operate until after the
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absolute control circuit starts so that if the signal level is

restored by the absolute control circuit, the relative cir-
cuit will not take effect.

As previously stated, the limit microswitches 71, 72, 73
and 74 are connected in the control system with the ab-
solutz and relative controls. The microswitches 71 and
74 are connected in a circuit for energizing the relay-110,
and the microswitches 72 and 73 are connected in a cir-
cuit for energizing the relay 111. The motor.70 includes
two windings, the winding 113 which provides clockwise
rotation, and the winding 112 which provides counter-
clockwise rotation. The construction of the motor is
such that if both windings are energized the motor will
not run; and of course, if neither winding.is energized it
will not run. The contacts 964 and 965 which are con-
nected in parallel with the stepping switch levels 166 and
107 respectively and are normally closed to energize both
windings 112 and 113 so that the motor 70 remains still.

When the signal level drops so that the absolute relay
96 is released, the contacts 96a and 965 thereof will open
to provide a circuit only to the winding 112 or to the
winding 113 depending upon whether a connection is es-
tablished through level 106 or level 107 of the stepping
switch 103. If the absolute circuit operates to release re-
lay 96 when the level 106 provides a closed circuit, as
shown in Fig. 8, energy is applied to the winding 112 of
the motor 7@ through the coatacts 110z of relay 119,
and level 166. The winding 113 is not energized as con-
tacts 965, level 107, and contacts 110c are all open.. This
will cause rotation of the motor in a counterclockwise
direction so that the carriage 64 will move upward. In
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the event that the absolute control circuit causes the car- .

riage to move until the dielectric member 61 approaches
the upper wall of the wave guide, the switch 71 will close
to energize the relay 110. Energization of the relay 110
will close the holding contact 1105 thereof, open the con-
tact 110q, which provides a circuit to the winding 112 of
the motor, and close contact 110¢. This will provide a
circuit for the winding 113 of the motor through the
closed contact 111a of relay 111 and closed contacts
110c. The motor will then rotate in a clockwise direction
until the carriage 64 moves to the center position wherein
the microswiich 74 will be actuated to break the holding
circuit for the relay 110. This will stop the clockwise
rotation of the motor since the contact 110c will be brok-
en and will cause clockwise rotation as contact 110a will
again complete the circuit through winding 112.

If, on the other hand, the stepping switch of the relative
control circuit is in a position so that contact.is estab-
lished through the level 107, only the winding 113 of the
motor will be energized through contacts 111a, and level
107 of the stepping switch to cause clockwise rotation of
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motor 70. In the event the dielectric member 61 is moved

all the way to the bottom of the wave guide, the micro-
switch 73 will be closed, energizing the relay 111, open-
ing the contacts 111a thereof and closing the contacts
1311b and 111c. This will deenergize winding 113, and
winding 112 will be energized through contacts 116z and
11lc. When the member 61 then moves back to the cen-
ter of the wave guide the switch 72 will open to release
the relay 111 and thereby release the holding contacts
1115 and the contact 111c, and close the contacts 111a.
This will again energize the motor winding 113 through
the contacts 111a of relay 110 which is normally closed.

Therefore, at any time the absolute relay is released
because of a drop in signal level, the dielectric phase
shifter is moved from its position to one side of the
wave guide and back to the center thereof unless the
signal ‘increases to cut off the motor. If movement of
the -phase shifter causes the signal level to further de-
crease, the relative control circuit will operate to cause
the stepping relay to change position so that the ‘motor
will “reverse direction and the phase shifter will move
toward "the -other side of the wave guide. When the
phase shifter reaches a position at which the signal level
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increases to a suitable value, the absolute relay will im<
mediate]y close to stop the motor. It is to be noted. that
the absolute control circuit controls the operation of the
motor and the limit switches cause a hunting movement -
of the phase shifter between the center and one side of -
the wave guide. .If the signal level falls further, the rela-
tive control circuit will take over to cause the phase
shifter to change direction and move toward the other
side of the wave guide. It has been found that a motor -
having a speed of 1 R. P. M. .is satisfactory in this
system. The time constant of the circuit 103, 104 may
be of the order of ¥4 of a second.

1t will be obvious.that a control circuit such as shown
in Fig. 8 could be used in the system shown in Fig. 2
wherein the waves from the local oscillator 44 are shifted
before application to the mixer 42. This may be accom-
plished either by a phase shifter in a waveguide as illus-
strated in Figs. 4 and 5 or by other suitable phase shift-
ing means.

The system in accordance with the invention operates
completely automatically to change the phase of the sig-
nal from one antenna so.that the combined signals pro-
vide an .acceptable signal for the receiver. This, there-
fore, permits the use of this system at an unattended
station. The system is relatively simple and has been
found to be highly satisfactory in operation. The move-
ment of the phase shifter is at a very slow speed and’
the operation.of the control system is such that the hunt-
ing action is reduced to a minimum.

Although certain embodiments of the invention have
been disclosed which are illustrative thereof, it is ob-
vious that various changes and modifications can be made
therein without departing from the intended scope of the
invention as defined in the appended claims.

I claim:

1. A diversity receiving system for microwaves in-
cluding in combination first and second spaced antenna
means, first and second wave guide means respectively
connected to said antenna means, receiver means cou-
pled to said first and second wave guide means for com-
bining the waves therein, one of said wave guide means
including adjustable phase shift means for shifting the
phase of the waves applied thereby to said combining
means, and control means responsive to the level of the
waves in said receiver means for automatically ad]ust-
ing said ad]ustable phase shift means when the level in
said receiver means falls below a predetermined value,
said control means including a first portion operative
when the level in the receiver falls below a first value
to change the adjustment of said phase shift means, and
a second portion operative when the level in the receiver
falls below a second value lower than said first valve to
change the direction of the adjustment of said phase
shift means.

2. Phase shift apparatus for use at microwave fre- .
quenc1es including in combination, wave guide means,
receiver means coupled to said wave guide means, ad-
justable dielectric means within said wave guide means
for shifting the phase of the waves therein, and control
means responsive to the level of the waves in said re-
ceiver means for automatically ad]ustmg said adjustable
dielectric means when the level in said receiver means. .
falls below a predetermined value, said control means
including a first portion operative when the level in the
receiver falls below a first value to move said dielectric
means in one d1rect10n, and a-second portion operative
when the level in the receiver falls below a second valve
lower than said first value to move said dielectric means
in the opposite direction. .

3. Phase shift apparatus for use at microwave fre-
quencies including in combination wave guide means for
conducting waves, means coupled to said wave guide
means providing a control voltage which varies with the
phase of the waves in said wave guide means, an adjust- -
able diclectric member in said wave guide means for
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shifting the phase.of. the wayes, therem, reversible motor.

means; means; connecting.said reversible motor: means: to,

¢ly. acrdss. said. wave guide.in.response -to rota-
tion of ‘said. motor means, -absolute, control means. opera-
tive. when said. control. voltage falls. below a first. value,
relative’ contrpl. means operative. ' when said -control . volt-

age falls below. a second.value which. is lower: than said.

first ‘value, switch means. including first. and second: por-
tions; operative when said-dielectric member. approaches
the sides.of said wave.guide and third and fourth portions

operative when said diélectric. member approaches the -

center of said wave guide, and a control. circuit. for said
reversible motor, means. including. said. relative control
means, - said -absolute. control ‘means. and  said . switch-
means, _ said . control- circuit. causing operation of said
motor. means' in response to: -operation of said absolute
con 'gl,mga,an,s ‘with the. direction. of .rotation depending

on thie position of said relative control means, first and .

second relay means individually operated by:said first and
sec‘:p"d‘swifch’portions and .operating to.reverse the di-
n_of rotation. of said. motor: means. when said di-
electr1c member aDproaches the-sides of said wave guide,
said “third ‘and fourth switch portions. béing individually
connected 'to said’ first. and second -relay means for re-
leasing the same and again reversing the. direction of
said 'motor’ mieads when . said . dielectric member ap-
prodches the center-of .said. wave. guide, and 'said control
circuit”causing said motor means to reverse its direction
of _rotation.in response to operation of said relative con-
trol; mediis to. cause said.dieléctric member to move from
ong’ side of said wave -guide to the other side.

4. A diversity receiving. system for microwave includ-
ing “in "~ combination first. and. second ~spaced antenna

means, first and 'second wave guide means respectively

_connected to said antenna means, receiver means cou-
pled to said first"and second “wave guide means for com-
bining the wives therein, one of said wave guide means in-
cluding an" adjustable dielectric member therein for
shiftinig ‘the phase of. the waves applied therethrough to
said-combining means; reversible motor means, means

connecting said revérsible motor means to said dlelectrxc )

member so that said member is movable transversely
across, said “wave guide. in response to rotation of said
motor means, meais coupled to said receiver means for
providing a “egritrol” voltage varying substantially linearly
with the level of the wave received.thereby, absolute con-
trol” mieans” operativewhen said control voltage falls
belowa fitst value, relative control means operative when
said control voltage falls below a second value which is
lower than said:first value, switch means including first
and: secoind portions operative when said dielectric mem-
ber-approaches thie sides of said wave guide and associ-
ated-portions operative when said dielectric member ap-
proaches the center of said .wave guide, and a control
circuit for 'said- reversible ‘motor. means including said
relati¥e ‘controt means, said-absolute -control means and
said"switch ‘means, -said: control circuit causing operation
of- said~ motor means in response to operation of said
absolute - control ‘means with the direction of rotation
depending on the position’ of said relative control means,
said*first’ and ‘second switch portiods operating to change
the-direction- of rotation of said “motor means when said
dielectric ‘member- approachies the sides of said wave
guide, and said” control circuit includihg -means .causing
said“motor mieans to reverse its direction .of rotation in
response’'to operation of said relative control means.
5. A diversity receiving system  for microwaves includ-
ing in-¢ombination first and second spaced antenna means,
first and second wave guide means respectively con-

nectéd to said ‘anterina mearns, recsiver means,. coupled.

to ‘said-first-and: second ‘wave ‘guide ‘means for comb.nmg
the- waves® therem one - of sdid ‘wave guide means. in-
cludmg-an adjustable- dielectiic ‘member therein for shift:
ing:thie-phase-of the -waves applied - therethrough to. said

sa1d diéléctric. membeér so. that said member is-movable -
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combining means, reversible: motor means connecting. said.
reversible. motor. mealis “to_'said "diglecttic member: S0
that said ‘membér is' ‘movable transversely. across.:said’

wave guide in. response to rotation of said’ mQtor_means,
means. coupled  to. said receiver. means. for providing .a
control. volta’oe ‘va'rying’ ‘subs’.tan'tially lih‘ea‘rly’ with‘ the
operatlve when said -corifrol. voltage falls below a first
valug,. relative. control. means. operativé when. said. con-
trol -voltage falls below. a_second valie which is lower

than said first- valite,. switch. means incliuding; fifst, and.
second portions ‘operative wlién “said “dieléctric. member -

approaches the sides of said wave guide and an additional
portion operative when: said dielectric member approaches
the center of .said.wave.guidé, and’a control circuit for
said reversible. motor. means. incliding. said. relative con-

trol. means, said absolute .control means. and said, switch.
means, said_ control’ ciicuit causing. operation .of said.

motor means. in response_to. operation of said. absolute

control means with -the. difection. of rotation. dependmg.,
on the. position.of said. relative.control: means, said first.

and second. switcli portions operating to changa the - di-
rection. of rotation .of said motor. means. when said di-
electric: member. approaches.the sides of said. wave.guide
and said_additional portion obviating the. action: of said

first and second. portions. to. again reverse -the. direction-

of said motor. means when said. dielectric member. ap-

proaches the center of said wave:guide, and said control .

circuit causing;said inotor means.to reverse.its. direction
of rotation.in.response to. operation of said.relative con-
trol means. .

6.. A diversity. receiving, system .for. microwaves includ-.-
ing in. combination, first ‘and: second: spaced antenna:
means, means-connected .to said antenna.means. for. com-.-

bining .the . waves therefrom. and . including. wave . guide
means having.an-adjustable.diclectric member therein for

shifting the pHase of the waves from:one of. said antenna .
means, Teversible. metor, means,. means. connecting. said.
reversible maotor means to said-dielectric -member. so that:
said member. is; movable. transversely..across. said. wave -

guide in response to rotation of said.motor. means; means

coupled- to_said, receiver means for providing .a.control.

voltage varying: substantially linearly with-the level.of .the
wave received -thereby;: absolute control. means; operative

when said- control.voltage falls. below. a first. value, rela--

tive control means operative when. said control:voltage
falls belowa second.value, which-is.lower, than said. first
value, switch means.including. first and.second. portions
operative. when _ said, diélectric ‘member: approaches..the

sides. of said wave: guide and third .and fourth .portions.:

operative. when said . dielectric. member. approaches the
center of.said. wave guide, and.a.control. circuit for said:

reversible . motor: means:.including- said relative control.
said absolute. -control..means. and. said.. switch-

means;
means, said control. circuit. .causing..operation. of said
motor. means: in_response to..operation: of. said absolute
control -means: with the .direction. of. rotation : depending
on the position .of said. relative .control. means, first and
second relay. means individually operated. by said first and
second switch portions and-operating to reverse.the direc-
tion of retation-of:said motor means. when .said dielectric
member approaches the:sides of said wave guide, said
third. and. fourth, switch.portions- being, individually con-

nected. to said.first and.second relay. means for releasing:

the same. and again reversing.the .direction of said motor
means when said: dielectric. member approaches the center:

of said wave guide, and said control circuit causing-said:

motor means-to .reverse its direction..of rotation in re-

sponse to operation of said relative control means.to. cause:
said. dielectric . member: to.. move. from. one-side .of said.:

wave .guide to.the.other side.-

7. A, diversity receiving system for microwaves: includ-.

ing in combination first and second spaced antenna means;

means . coupled to. said first- and: second .antenna: means.
for. combining thewaves. therefrom .and-including. wave -

e e . JE
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' guxde means havmg an adjustable d1elect1 ic member there-

in for shlftmg the phase ‘of the waves from. one of
antenna méans, reversible mctor means, means ‘cofinect-
ing said teversible motor nieans to said dielectric member

so that said member is movable ‘transversély scross said

wave .guide 'in Tesponse to rotation of said mictor meas,

‘means coupled. to said receiver means for providing a
control voltage varying substantially lingarly with the

1evel of the wave received- tnereby, absolute cofitfo] means
for causing operation of said motor means when said
control voltage falls below a first value, relative contirol
means for changmg the ‘direction of rotation of said
motor ieans wheh said control Volfage falls below a
second value Wwhich is below said first vilue, and ‘switch
means 1ncluc.1ng portions operative when said dielectric
member is ad]acent the-sides of said wave guide and asso-
ciated portions operatxve “when said dielectric member is
adjacent the-center of said wave guide, said switch por-

‘tions, -being -operative to change the diréction of rotation .
of said -motor means so that operation ‘of said absoliite
‘control circuit causes reciprocal movement of said dielec-

tric miember between. one side and ‘the center of said
wave -guide, said relative control circuit being operative

and caiise movement of said dielectric member to the

‘other side of said wave guide, with ‘said ‘member moving

between said other side and the center of said wave guide
so long as said absolute contro] circuit causes operation
of said moter means.

8. A diversity receiving system for microwaves includ-
ing in combination first and second spaced antenna means,
first and second wave guide means respectively connected
to said antenna means, receiver means coupled to said
first and second wave guide means for combining the
waves therein, one of said wave guide means including
an adjustable dielectric member therein for shifting the
phase of the waves applied therethrough to said combin-
ing means, reversible motor means, means connecting said
reversible motor means to said dieleciric member so that
said member is movable transversely across said wave
guide in response to rotation of said motor means, means
coupled to said receiver means for providing a control
voltage varying substantially linearly with the level of
the wave received thereby, absolute control means for
causing operation of said motor means when said control
voltage falls below a first value, relative control means
for changing the direction of rotation of said motor means
when said control voltage falls below a second value
which is below said first value, and switch means includ-
ing first and second portions operative when said dielec-
tric member is adjacent the sides of said wave guide and
at least one portion operative when said dielectric mem-
ber is adjacent the center of said wave guide, first and
second relay means individually responsive to said first
and second switch portions operative to change the
direction of rotation of said motor means, said first and
second relay means being released by said portion of
said switch means operative when said dielectric member
approaches the center of said wave guide to thereby pro-
vide reciprocal movement of said dielectric member
between one side and the center of said wave guide, said
relative control circuit being operative to reverse the
direction of rotation of said motor means and cause move-
ment of said dielectric member to the other side of said
wave guide, with said member moving between said other
side and the center of said wave guide.

9. A diversity receiving system including in combina-
tion first and second spaced antenna means, means coupled
to said first and second antenna means for combining
the waves therein, said combining means including an
adjustable phase shift member for shifting the phase of
the waves received by one of said antenna means, revers-
ible motor means, means connecting said reversible
motor means to said member for moving the same in
response to rotation of said motor means between two
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reme pOSltlons whlch define a range’ of posmons wh'c]m
a Tange of phase shlfts, means. coupled to said

" ¢ombining ‘means for prov1dmg a control voltage varymg

sl stantially linearly with the level of the combined Waves
Heréin, absolite conttol ‘means Operative when said con-
tro] voltage . falls below a first value, reldtive .control
mgans. Operative when said control voltage falls below
a¥ecorid Value ‘which is lower than said first value, switch
ineans lncludmg fitst aind second _portions operative when
said Thember approaches said extreme positions and asso-
ciated portions operative ‘when said member approaches
'the centér of sdid: Tange of positions, and a control cireuit
for said teversible ‘motor -means including said relative
control meatis, said absolute control means and said switch
means, said ¢ontrol .circuit causing operatlon of said
motor means in response to opération of -said absolute
control means with the direction of rotation dependmg
on ‘the position .of -said. relative control . means, said first
and second switch portions operatmg to change the direc-
tion of Tofation .of said motor.means when said member
approaches said extreme, posxtxons, and.said control circuit

‘including means causing said motor means to reverse its

direction of rotation m response to cperation of said
relatlve control means.
"10. A diversity teceiving system including: in .combina-

to sa1d ﬁrst and second antenna -means for combining
the waves therein, said combxmng means including an
adjustable phase sh1ft member therein for shifting the
phase of the waves received by one of said antenna means,
reversible motor means, means connecting said reversible
motor means to said member for moving the same in
response to rotation of said motor means between two
extreme positions which define a range of positions which
provide a range of phase shifts, means coupled to said
combining means for providing a control voltage vary-
ing substantially linearly with the level of the combined
waves, absolute control means operative when said con-
trol voltage falls below a first value, relative contro] means
operative when said control voltage falls below a second
value which is lower than said first value, switch means
including first and second portions operative when said
member approaches the said extreme positions and an
additional portion operative when said dielectric mem-
ber approaches the center of said range of positions, and
a control circuit for said reversible motor means including
said relative control means, said absolute control means
and said switch means, said control circuit causmg oper-
ation of said motor means in response to operation of said
absolute control means with the direction of rotation
depending on the position of said relative control means,
said first and second switch portions operating to change
the direction of rotation of said motor means when said
member approaches said extreme positions and said addi-
tional portion obviating the action of said first and second
portions to again reverse the direction of said motor means
when said dielectric member approaches the center of said
range of positions, and said control circuit including means
ausmg said motor means to reverse its direction of rota-
tion in response to operation of said relative control means
to cause said member to shift from one side of the range
of positions to the other side.

11. A diversity receiving system for microwaves in-
cluding in combination first and second spaced antenna
means, means coupled to said first and second antenna
means for combining the waves therefrom and including
wave guide means having an adjustable dielectric member
therein for shifting the phase of the waves from one of
said antenna means, reversible motor means, means con-
necting- said reversible motor means to said dielectric
member so that said member is movable transversely
across said wave guide in response to rotation of said mo-
tor means, means coupled to said receiver means for pro-
viding a control voltage varying with the level of the wave
received thereby, absolute control means for causing oper-
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ation of said motor means when said control voltage falls
below a first value, relative control means for changing
the direction of rotation of said motor means when said
control voltage falls below a second value which is lower

than said first value, and limit means for reversing the |

direction of rofation of said motor means and thereby
providing reciprocable movement of said dielectric mem-
ber in one portion of said wave gunide, said relative con-
trol circuit being operable to reverse the direction of rota-
tion of said motor means and cause movement of said
dielectric member to another portion of said wave guide,
with said dielectric member being continuously moved
within said wave guide so long as said absolute.control
circuit causes operation of said motor means.

12. A diversity receiving system including in combina-
tion first and second spaced antenna means, means cou-
pled to said first and second antenna means for combining
the waves therein, said combining means including an
adjustable phase shift member for shifting the phase of
the waves received by one of said antenna means, reversi-
ble motor means, means connecting said reversible motor
means to said member for moving the same in response to
rotation of said motor means between two extreme posi-
tions which define a range of positions which provide a
range of phase shifts, means coupled to said combining
means for providing a confrol voltage varying substan-
tially linearly with the level of the combined waves there-
in, absolute control means operative when said control
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voltage falls below a first value, relative control means
operative when said control voltage falls below a second
value which is lower than said first value, and a contro!
circuit for said reversible motor means including said
relative control means, said absolute control means and
limit means, said control circuit causing operation of said
motor means in response to operation of said absolutc
control means with the direction of rotation depending on
the position of said relative control means, said limit
means operating the change the direction of rotation of
said motor means when said member approaches said
extreme positions, and said control circuit including means
causing said motor means to reverse the direction of rota-
tion in response to operation of said relative control
means.
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